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Table 1 Particle content of sandstone in the Lower Jurassic, Dongdaohaizi Sag
B . . e
sy R W m Q/% 1% Ri%  EREEBI%  EBUEERER DA EE% I3 A (Q/(F+R>))
C3-1 10 468844  46.82 12.73 40.45 57.42 27.74 14.84 0.88
€32 I 4683.85 45.45 17.68 36.87 68.00 14.00 18.00 0.83
€3-3 Jb 448650 4327 18.16 38.57 54.27 24.49 21.24 0.76
Cl-4 I 534000 3932 21.73 38.95 41.51 49.96 7.42 0.65
C1-5 I 503774 56.00 13.78 30.22 74.00 19.00 6.00 1.27
C1-6 Jb 4999.10 5427 11.23 34.50 63.33 21.22 15.45 1.19
C1-7 Js' 4919.45 43.27 16.61 40.12 44.67 37.64 17.69 0.76
C1-8 Is' 477894 3932 21.73 38.95 41.51 49.96 742 0.65
C1-9 Js' 475048 4527 18.13 36.60 51.74 32.27 15.99 0.83
Cl1-10 I8 471273 4274 21.12 36.14 48.67 27.76 23.57 0.75
Cl-11 I 471090 4657 15.79 37.64 54.67 28.17 17.16 0.87
CX2-12 I 415150 4529 13.45 41.26 71.43 19.05 9.52 0.83
CX2-13 I8 414950  44.23 15.46 40.31 65.19 23.47 11.34 0.79
®2 FEBFMETHRFHZREIETESE (pg/e)
Table 2 Main element content of mudstone in the Lower Jurassic, Dongdaohaizi Sag (pg/g)
=3 . )
- J={A Sio, Ti0, ALO,  TFe,0, MnO  MgO  CaO Na,0 K,0 P,0, LOL(Bee i) SUM
C3-14 Jlbz 29.74 0.37 6.88 4.40 0.19 0.99 28.42 0.99 1.21 6.75 19.29 99.23
Cl-15 10 49.23 0.80 15.87 6.60 0.11 1.60 0.90 1.88 2.56 0.28 10.68 90.51
Cl1-16 10 62.49 0.91 19.43 3.93 0.04 188 0.27 1.70 345 0.17 5.99 100.26
C1-17 10 60.69 1.09 21.56 4.24 002 161 0.11 1.66 3.70 0.04 5.53 100.25
Cl1-18 s 61.57 0.93 18.46 7.88 0.11 1.94 0.18 1.16 345 0.11 4.70 100.49
C1-19 s 60.83 0.96 18.45 5.51 006 156 0.65 1.80 3.16 0.10 7.30 100.38
€1-20 s 58.03 0.78 17.70 6.17 012 186 0.55 1.71 3.59 0.20 8.99 99.70
CX2-21 s 62.09 0.82 18.67 6.82 0.02  1.64 0.12 1.67 3.64 0.04 4.78 100.31
CX2-22 s 61.92 0.83 18.75 6.85 0.02  1.63 0.13 1.69 3.65 0.04 4.75 100.26
23 BIBYEE U-PERMIR 5% 3 R

B APk IR DL CL Mg 4E TAE Y e iR by
A A 5T I 55 A IR 2 w58 i, A1) R a1 S5 R
J A AT LA-ICP-MS U-Ph [ 437 38 8% 1 4R AR 2
o B A PR TE o A 3 T AR SR L AF B
H 58T 440 % 300~500 UKL, FEREATLIEESE 100 ik
A R, TR LA T A4 CL R . 7EU-Pb
[ AR TR SR, (0 FHAREES £1 Plesovice
(S i 3l I VAR S A (= R S S RS T £
BE A 91500 NIST 610, NIST 612 F1 NIST 614 1E AT
R AR AR RE . AR T RIAR 8 1 A 2 ) £
JH Excel 2010 fin 4% 3 i 47 40 B, Jf >Rk 4K
ICP-MS-Data-Cal 5¢ i, (Willner et al., 2003 ; Moecher
and Samson,2006) .
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b a A A W gt & = mon K. 45 R B,
RIBWT MG R UK A A B s £, D
wABRKAD S B E(E3), Sk, B
WEIE B A e feA g o 32 (R 1), GBS A A B &
BT 30.22%~40.45% , V34K 36.59% , = T I 4H +
JE S AT 36.6%~41.2% , ¥4 38.72%, WAk E
3 37.7%, WA ML S Y AR G i A B kg 4
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XA R BB N OULER, ARTE TG T
PR G5 ) GE TS AU = T4 LA B a2, Ho



$34 RN ARE ETMBA T AR e I8 53 KU e A i 1035

YR

KA
AP

A \EEH A =THA
K3 ZRad g5 MBE T Ok Gomb a6 R o 2K 5]

QA FARAT RAE
Fig.3 Classification of sandstone types in the Lower Jurassic,

Dongdaohaizi Sag

Q. quartz; F. feldspar; R. rock fragments
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Fig.4 Microscopic characteristics of sandstone in the Badaowan Formation and Sangonghe Formation, Dongdaohaizi Sag
(a) well Cheng 1, 4 999.40 m, Jlbs, polycrystalline quartz, cross polarized light (XPL); (b) well Cheng 3, 4 688.44 m, Jlb', tuff lithic debris, XPL; (¢) well Cheng 1, 4 712.73 m,
J‘sz, tuff lithic debris, XPL; (d) well Cheng oblique 2, 4 149.50 m, _Ilsz, basalt lithic debris, XPL
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HTALO, & AT = T304, 1] CaO ¥ & T =
T, AR R P SRz T, BIEEE N
EVE 5 = T 02 FRE R AR, B35 (L CaO
FPOAEERRN 25
42 EITTERFHE
42.1 #WEaE

TR G R TSR (F L), BT
HEE A B ot R B & (SREE) A T 94.88~
201.97 pg/g, F14 4 132.49 welg, BE 5K 22 [a) 5 -+
JLE BEZER K, N AL TS (NASC) M Hs + 7%
(16012 pefg) , A FE b 18 1 = T4 JE 7 1
s £ 0K B (SREE) 4 T 101.84~192.68 we/e,
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Fis o0 R A I 4 T340 ; = T H Y La/ Yb fH
T 0.82~2.02, 10 1.21, = T A o0 R /A
MR RHRIAR, 455 S LREE/Y HREE R 2540
R A R T AL

SEu & LAEE B 2Ok 7R Eu S YRR, J2
Fii - C R H LT AL 36 TUA 4 AR Shvbr A A5 il 45
R (8Eu=Eu/Eu =Eu/(SmxGd,)"™) . /\ifi 1% 20 ¥ i
() SEu{E AT 1.05~2.85, F-¥ 4 1.63, Hir 4> HilFE i

1 SEu 8 1 2.00, ZBLH B I Y Eu 1E 578 — T4
FESL I SEW A T 1.01~1.14, P34 1.1, BAR R84
A A R A ) O 2 , 266 R 34 il /R SEw {2 A
EH . NEEAR 0K Bu R B9 IE S5
(R4, BER L FHEIFAYIE ;1M — TR
FETEW IR 10 R B & E A W T e R FHIE
WL Ry i S e o 17 S & DA 1 REEZE
= T4, Fu ot RN E ERIEH A 225 . Eu
IE S5 — Bt PO R RHS A R ) AR AR
IR . AR R R A b DR S A A SRR R
GBS 1 Bu 1F 554 24k & 5 5 th AHC A IF Eu
HAREMIR . AT RS IR v —i 5k
5y A RHE A HE S VR AT R B Eu DT 3R 3R
PR IE S5 O 7 AR [ 2, 2023) o 456 AR 1A
T MG N ARE G5 A 2R AE GBS AL 5 Th AR 7
ZRA, 5T R W B AR, ANEEHE
ST SEu{E I TR, U XA BT

8Ce J& LIFUE ML R F IR Ce RE MR, 2
i 1 C R AH L I R TSR A AR AL AS A 2
(6Ce=Ce,/Ce" =Ce,/(LaxPr,)"™) . /\ 8 ¥ 20 £ i 1Y
5Ce fHA T 0.96~1.01, -394 0.99,5Ce (B F A IF 4
= T LA S ) 8Ce HAT T 0.89~1.13, 444 0.97,
FLR B2 A i AT 52 500 D 25, 6Ce (B JEAS
EH

XA R B W A S TG e R AL SE TUS bR
HEAL, IR o T 2 R Tor A BB (B 7)o S5 2R 5
7, NI VS AR AN Bu 1F S5 85 0 W A0 RE A
AR 50 5 = TR F IR ES W oo
Rl R, GBS AR IMA Z B 22 280K,
T = T2 S R 25 SN
422 HiemETE

TURRA) T i R BRI i T 2R b 2k B R R
R, EERZWPIREZA A A ST F TR AU R
L FERAER il Wz DR Rl ad A s i A
PRFFANAE A DL F 2R AT 9 U8 43 B (Moecher and
Samson,2006) . X ZRIE T MG FEP GiE o R
WATGETH (3R 5) , AT VR R BRI ) ) 1 it DA i S D 47

®3 FEBTUHRTGHRTRESETETETFHE (pe/g)

Table 2 Average major element content of mudstone in the Lower Jurassic, Dongdaohaizi Sag

R % Sio, Ti0, ALO, TFe,0, MnO MgO Ca0 Na,0 K,0 P,0, LOL(ke 4 )
=T 60.89 0.86 18.39 6.65 0.07 1.73 0.33 1.61 3.50 0.10 6.10
JNIE 50.54 0.79 15.94 4.79 0.09 1.52 743 1.56 2.73 1.81 10.37
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Table 4 REE content of mudstone in the Lower Jurassic, Dongdaohaizi Sag (ng/g)
e N LREE/ Lay/
JZi  La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu X2REE LREE HREE SEu  6Ce
i HREE  Yb,
€3-23 Jb 1570 3120 3.53 1330 292 159 3.07 045 2.66 049 140 018 119 0.17 7778 68.17 21.14 856 120 105 0.96
C3-24 Jb' 18.80 3880 4.54 17.90 3.51 079 320 054 3.04 065 1.82 028 1.85 028 9601 8435 1579 841 1.04 110 1.01
€3-25 Jb' 18.60 3880 4.54 17.30 326 083 3.18 050 299 068 178 028 1.82 027 94.88 8338 2048 7.58 1.00 2.85 098
C1-26 J ' 4050 8220 1020 38.50 7.81 158 637 092 553 1.02 3.18 046 3.17 048 20197 180.83 9.61 7.09 124 248 0.99
C1-27 Jb 2970 61.70 7.10 28.00 5.14 1.08 410 0.69 4.06 0.87 258 040 270 039 148.50 13272 11.66 7.23 096 1.10 1.00
C1-28 Jb* 3400 69.60 830 3230 7.18 3.97 594 090 532 1.04 3.3 047 320 048 17583 15534 1150 7.25 096 122 1.00
C1-29 Js° 3860 77.00 9.29 3480 7.5 153 624 096 6.07 120 355 054 371 057 19130 16845 23.00 640 0.82 113 096
C1-30 Js* 33.60 6690 8.05 30.70 646 151 6.05 094 6.14 121 370 055 3.86 057 170.18 147.18 12.19 745 095 1.14 1.03
C1-31  Js° 20.00 42.60 4.78 19.10 3.50 0.82 327 055 3.26 064 192 029 198 029 10296 90.77 23.18 688 096 112 0.96
C1-32 Js* 3560 71.50 881 3450 7.50 1.66 638 1.02 640 121 3.66 050 349 052 18273 159.56 1352 1325 202 1.09 0.89
C1-33 Js' 3870 7630 9.18 3470 672 127 514 081 551 1.14 357 053 372 056 187.88 16690 22.85 7.37 098 108 0.96
CX-34 Js 4920 8110 925 3330 522 098 333 056 3.63 073 228 034 230 034 19268 179.16 13.59 13.05 2.01 110 0.90
CX-35 Js* 4880 80.80 9.16 3240 5.17 099 341 057 370 073 220 034 229 035 190.89 177.30 1343 659 097 1.13 113
CX-36 Js® 1640 4220 477 1950 439 1.12 487 066 343 065 173 024 1.59 025 101.84 8841 2099 795 098 1.01 096
TE N BRI LT R R AL R TUA R IEA
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Fig.7 REE allocation model of North American shale standardized in mudstone of the Badaowan Formation

and Sangonghe Formation

M\ La-Th-Sc = AHFI 5 &g n] LIE H (&1 8) 5%
X AR %2 Gt /\ G V85 4H RN = T 2R i 5 i s o B
Fh, B8 e R K I X, A R T T T 1T
PR Geka s 75 5t AR RE S 90 3 o 1 Th-Co-Zr/10 =
AHF 0 g itE— 20 R B, R R G ke S A% A
FRAER R S X . P A 5 XA 3 75 50
b R e A — Bk R WA AR GE M T U R R
B Gy U5 DX B T B AR 3 75 55

5 WJEEA U-PhARAC2ERHIE

B e GRS A )iz R E Pk, AT L
AP REYIRE B o B 41 U-Ph AR RERE A 2L

i B e U IR A R A BT B AR X AT
W 2H B (BB R 45, 20105 BH IR, 201 15 KPR 2K (]
2%,2023) , T4 B /B VS A1 K = T 4 IR 2
BEHUR 1 H TR Y e NGB VS 4] e = T2 45 1
AP AR AR TR B B A T Py Pk R L CL R
A, I H 100 e JE £  iE 4T T U-Ph [l 3 43
Frimlist, H3R45 100 400 S AR5 , SIFR 18 Al
JEAR T 90% 1 85 41 Bl | e 24745 99 A &8s
X T8 A AR K T 1 000 Ma B B0k, H T KR ikt
PERCE Ph Y AAAE TR H127Ph/2%Ph R THIAFE I 5 X T/ )8
F 1000 Ma (4 0k7 , o] FH 1 D0k 5 4 i L P
AR 8 Ph R IE W ANH e, PRiTR B
AJHEFLPPh/A3U F M AEH (Sircombe, 1999)
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Table S Trace element content of mudstone in the Lower Jurassic, Dongdaohaizi Sag (ng/g)
R N
J2L In Co Ni Ba v Cu Sr Mo Ir Cr Ga Se U La
i
€3-23 10 36.90  8.02 1570 609.00 5170 1230 913.00 358  136.00 2940 961 650 082 1570
€3-24 Jb 4520 886  16.10 410.00 5540 995 17600 502  179.00 39.80 1370 711 1.50  18.80
€3-25 J b 47.10  9.01  15.60 419.00 55.60  10.10  178.00 498  182.00 3850  13.60  7.08 149  18.60
C1-26 Jb* 11000 1920  50.60 629.00  140.00 4580 21600  10.60  195.00 8570 2560 18.10 323  40.50
C1-27 10 36.10  14.60  27.50 336.00 7620 735 19200 753 18600 5460 17.00 1050  2.07  29.70
C1-28 Jb 15600 18.00 38.10  47550.00  147.00  48.80  362.00  9.14 201.00 11600 21.60 17.00 3.08  34.00
€1-29 s 90.50  17.30  47.00 47200 14500 5210  181.00  12.50  221.00  72.80 2440 18.00 3.70  38.60
C1-30 15 92.80 1550  38.50 430.00  143.00 4110 131.00 1030 23400 7840 2490 2090  3.54  33.60
C1-31 1 39.80  9.64  17.90 317.00 4840 845 178.00 549 17400 5470 1230 655 1.62  20.00
C1-32 Js 101.00 1520  44.60 331.00 137.00  48.00 110.00 9.79 199.00 85.70 2320 2030 291 35.60
C1-33 Js' 95.30 18.50  42.80 515.00 171.00  47.80 170.00 1240 226.00 90.40 2770 2250  3.55 38.70
CX-34 s 82.00 1530  27.40 544.00 11400 2470 42200 11.80 208.00 5920 2350 1510 3.12  49.20
CX-35 s 7490 1510 26.80 543.00  113.00 2490 41400 11.80 207.00 5890 2340 14.80 3.12  48.80
CX-36 15 3210 939 18.50 316.00 4420 601  717.00  3.86  105.00 1930 1008 667 137 1640
La Th
(a) (b)
ACM+PM @g “
Th Sc Sc Zr/10
AJEEBH  A=TH4A

K8 La-Th-Sc(a) Fl Th-Co-Zr/10 (b ) ¥4 3t B 55 J1 51 [&] figt
ACM. 35 Bl K0 4 ; PML S R A 2% 5 CLAL KIS 915 OTAL G 50
Fig.8 Environmental discrimination diagrams constructed for (a) La-Th-Sc; and (b) Th-Co-Z1/10

ACM. active continental margin; PM. passive continental margin; CIA. continental island arc; OTA. oceanic island arc
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LRG3 o 32, BLgh i e . A K ek A B
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B R (9 22 F114) o A IR EE A7 B ThY
UfE, — KT 0.1, 22 s A 1 Th/U (BN, — /)N
F0.1 (B E55%,2006) o /GBS 2 K — T2 e )5

BEATRE B B B B Th/U H Al , A T 0.4~1.8, Ui
B X R % G ds R 280585 A s Kk a0, D ECh
AR RS A o

B IS A BAESEA T U-Ph i A
FNER 1wl H BT (1B 10) , 36 W BT I 5 1 78 T2 i
J&i U-Ph [Al 7 R AR RS A, A AR BA
U S Ph M B AR BRI I s, = T A
AN SR FIZR AN, /G VS LR i A 2 T AF I
{843 4 18 Bl 48 5% (200~2 100 Ma) , 32 4E TP 7E 200~
520 Ma, H.7 3 M IE{E X 0], 3 245 280~330 Ma,
400~440 Ma & 490~520 Ma =X [a] , F 154 T 280~
330 Ma; — T-{n] 41 6% Ji5 4% A 2 T AF 0% 11 53 A1 Y 4%



1040 o % R Fa4E

394+4 P \ 407+4

——200 ym— 388 +4 ——200 um—{

K9 /\Li%éﬂ(a)& T 2H (b ) b 5 )8 5 A0 B Ot ER

Fig.9 Cathodoluminescence images of detrital zircon from sandstone in the (a) Badaowan Formation and (b) Sangonghe Formation
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Fig.10  Concordia diagram and distribution histogram of detrital Zircon U-Pb ages, well Cheng 1
(a) U-Pb concordia diagram detrital zircon from the Badaowan Formation samples; (b) U-Pb concordia diagram detrital zircon from the Sangonghe Formation samples; (c) histo-

gram of detrital zircon sample U-Pb ages of the Badaowan Formation samples; (d) histogram of detrital zircon sample U-Pb ages of the Sangonghe Formation samples
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Fig.11 Detrital Zircon age spectrum

(a) parent rock of potential provenance area; (b) Lower Jurassic sandstone in Karamay Sag
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Fig.12  Dickinson source discrimination diagram of detrital components in the Lower Jurassic

Qp. Polycrystalline quartz grains; Qm. Monocrystalline quartz grains; F. Feldspar(F=Plagioclase+K -feldspar); Lt. Total lithic fragments (Lt=L+Qp); L. Unstable lithic frag-

ments (Lv+Ls); Lv. Volcanic lithic fragments; Ls. Sedimentary and metamorphic lithic fragments
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Fig.13  Sedimentary provenance systems in the Lower Jurassic, Dongdaohaizi Sag

(a) Badaowan Formation; (b) Sangonghe Formation
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Provenance Analysis of the Lower Jurassic Dongdaohaizi Sag and
Sediment Provenance Response Characteristics
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Abstract: [Objective] Clarifying the provenance composition and evolution of the Lower Jurassic Badaowan Forma-
tion and Sangonghe Formation in the Dongdaohaizi Sag, Junggar Basin, has important guiding significance for studies
of the sedimentary filling response in this region of the Lower Jurassic.[ Methods] A detailed analysis was conducted
on the source characteristics and evolutionary processes of the Badaowan Formation and Sangonghe Formation based
on the composition of sandstone debris, the geochemical characteristics of whole-rock elements, and U-Pb ages of de-
trital zircons.[ Results ] It was found that the sandstone samples from the Lower Jurassic in the study area were mainly
composed of feldspathic lithic sandstone, with an average content of 37.7% of tuff and basalt lithic debris in the thin
sections, along with a small amount of metamorphic rock debris. After standardization of shale samples in North
America, the Badaowan Formation samples showed no significant differentiation between light and heavy rare earth
elements. The Sangonghe Formation exhibited slight enrichment of light rare earths and depletion of heavy rare earths.

The age distribution of detrital zircons in the sandstone samples in the Badaowan Formation is mainly concentrated in
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three ranges: 280-330 Ma, 400-440 Ma and 490-520 Ma; the Sangonghe Formation is dominated by three peak age
ranges: 280-350 Ma, 380-430 Ma and 460-520 Ma, with similar age compositions.[ Conclusions] A comprehensive
analysis of provenance characteristics indicated that the Badaowan Formation in the Dongdaohaizi Sag is mainly
sourced from the Kela Meili provenance system in the eastern Junggar Basin, and the western Urho and Karamay
provenance regions had little influence. During the depositional period of the Sangonghe Formation, the western re-
gion began to supply resources, but the eastern Kela Meili provenance system remained the main source of materials
in the study area. In the Middle Jurassic, the influence of the western provenance increased, and the Che-Mo paleo-
uplift was formed. The Donghaizi Sag was jointly influenced by two major provenance systems. The parent rocks in the
Lower Jurassic provenance area of the Dongdaohaizi Sag are mainly intermediate acid magmatic rocks and basic mag-
matic rocks, and the provenance is mainly from the transitional and recirculating zones of the recycled orogenic belt.
The tectonic setting is dominated by continental island arcs, which is consistent with the mixed-source background
formed by oceanic continental subduction around the Junggar Basin, and following closure of the ocean basin. In the
context of this tectonic setting, during the sedimentation period of the Badaowan Formation the Dongdaohaizi Sag was
influenced by the East Kela Meili source, forming a shallow-water delta lake sedimentary system. Distributary chan-
nel sand bodies were extensively developed, but the physical properties were poor, with few favoring hydrocarbon ac-
cumulation. During the sedimentation period of the Sangonghe Formation, the Dongdaohaizi Sag was influenced by
two major source systems, east and west, and a shallow-water delta lake system developed together with underwater
distributary channel microfacies composed mainly of medium and fine sandstones, as well as a small amount of estua-
rine dam microfacies with physical properties favorable to hydrocarbon reservoir development.

Key words: Dongdaohaizi Sag; Lower Jurassic; provenance analysis; detrital zircon; sediment provenance response

characteristics



